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Synthetic divalent sLex Containing Polylactosamines and Methods 

for Use 

5 

Field of the Invention 
The present invention is directed to novel compositions and their use in the 
treatment of inflammatory responses. Specifically, the invention is directed to novel 
synthetic oligosaccharide constructs, especially divalent sLex decorated poly-N- 

10 acetyllactosamines and their use to block lymphocyte binding to correspondent 

oligosaccharides on the endothelial surface, and thus reduce or otherwise ameliorate an 
undesired inflammatory response and other disease states characterized by lymphocyte 
binding. Furthermore the invention is directed to the use of the novel saccharides to 
block bacterial adherence to endothelium and thus prevent and/or treat bacterial 

15 infections. A further use of the present invention lies in the field of cancer treatment 
where metastasis of sLex-positive tumor cells is inhibited by these glycans. 

Background of the Invention 
The migration of white blood cells from the blood to regions of pathogenic 

20 exposure in the body is called the inflammatory cascade. Cell adhesion events allow for 
specific binding of a leukocyte to the endothelium of the vessel that is adjacent to the 
inflammatory insult; such adhesion events counteract the high vascular shear forces and 
high blood flow rates that tend to keep the leukocyte circulating, and help guide the 
leukocyte to the required site. 

25 The current concept of leukocyte extravasation is based on the consecutive 

action of several adhesion molecules located on the surface of leukocytes and the 
endothelium. Lymphocyte extravasation is initiated by the interaction of members of the 
selectin family and their oligosaccharide-cdntaining counterreceptors. For a review of 
the current knowledge on lymphocyte adhesion, see e.g., Springer, T. A., Annu Rev. 

30 Physiol 57: 827-872(1995). 

Selectins, also known as "lectin cell adhesion molecules" (LEC-CAMs), are 
classified into three groups: L-selectin (LECAM-1, LAM-1, gp90 MEL , Leu-8, TQ-1, 
CD62L and DREG) is expressed on various leukocytes, and is constitutively expressed 
on lymphocytes, monocytes, neutrophils, and eosinophils. E-selectin (LECAM-2, 

35 CD62E and ELAM-1) is expressed on endothelium activated by inflammatory 

mediators. P-selectin (GMP-140, PADGEM, LECAM-3 and CD62P) is stored in alpha 
granules of platelets and Weibel-Palade bodies of endothelial cells and is also expressed 
on endothelium activated by inflammatory stimuli. All members of the selectin family 
appear to mediate cell adhesion through the recognition of carbohydrates. 
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AH selectins bind to sialyl Lewis x (NeuNAca2-3GalBl-4(Fucal-3)GlcNAc) 
(sLe x or sLex) and sialyl Lewis a (NeuNAca2-3Gal61-3(Fucal-4)GlcNAc) (sLe a or 
sLea) as well as related carbohydrate sequences (Bertozzi, C, Chemistry and Biology, 
2:703-708 (1995)). L-selectin-dependent recognition precedes normal lymphocyte 
5 extravasation into peripheral lymph nodes (Gallatin, W.M. et al. 9 Nature 505:30-34 

(1983)) and into sites of inflammation (Ley, K. et al, Blood 77:2553-2555 (1991)), both 
of which are impaired in L-selectin deficient mice (Arbones, MX. et al, Immunity 
7:247-260 (1994)). 

Several glycoproteins have been shown to act as counterreceptors for L-selectin. 

10 A common nominator for the cloned ligands GlyCAM-1, CD34, MAdCAM-1 and 
PSGL-1 (Baumhueter, S.et al, Science, 262: 436-438 (1993); Briskin, M.J. et al, 
Nature, 555:461-464 (1993); Lasky, L.A. etal, Cell 59:927-938 (1992); Walcheck, B.et 
al, J. Clinical Investigation 9S;1081-1087 (1996)), is the mucin type protein core rich 
of O-linked glycan decorations which are crucial for the selectin recognition. The 

15 glycosylation of GlyCAM-1 and PSGL-1 has been characterized in greater detail, 
among other saccharides these proteins have been shown to cany sulfated sLex and 
sLexLexLex epitopes, respectively (Hemmerich, S. et al, J. Biol Chem. 270:12035- 
12047 (1995); Wilkins, P.P. et al, J. Biol Chem. 277:18732-18742 (1996)). 

High endothelial cells in peripheral lymph nodes express sialyl Lewis a and 

20 sialyl Lewis x (sLea and sLex) epitopes (Paavonen and Renkonen, Am. J. Pathol 
747:1259-1264 (1992); Munro, J.M. et al, Am. J. Pathol 747:1397-1408 (1992); 
Sawada, M. et al, Biochem. Biophys. Res. Comm. 795:337-347 (1993)) which are parts 
of the L-selectin counterreceptor. The endothelial cells in several other locations are 
sLea and sLex negative, but inflammatory stimuli can induce previously negative 

25 endothelium to express these oligosaccharide structures de novo (Turunen* J. et al, Eur. 
J. Immunol 24:1 130-1 136 (1994)). It has been shown that cultured endothelial cells 
possess the machinery to generate at least sLex, since they have several functional a2,3 
sialyl- and al,3 fucosyltransferases, enzymes involved in generating sLex from 
(poly)lactosamines (Majuri, M. et al, Eur. J. Immunol 24:3205-3210 (1994)). 

30 A number of studies have proposed that selectins are involved in a wide variety 

of acute and chronic inflammatory conditions in many tissues. 

Monovalent sLex glycans have been shown to inhibit L-selectin mediated 
lymphocyte binding in vitro (Turunen, J. et al, Eur. J. Immunol. 24:1 130-1 136 (1994)), 
and they also inhibit granulocyte extravasation in in vivo animal models of acute 

35 inflammation and reperfusion injury (Lefer, D.J. et al, Circulation 90:2390-401 

(1994)). Polylactosamines carrying single epitopes of sLexLex- and sLexLexLex-type 
appear to be recognized by E- and P-selectins with higher affinity than analogous 
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oligosaccharides bearing single sLex-units (Patel, T P. et al, Biochemistry 53:14815-24 

(1994); Stroud, M.R. et al, Biochemistry 35:770-778 (1996); Wilkins, P.P. et al, 

J. Biol. Chem. 277:18732-18742 (1996)). 

United States Patent No. US 5,352,670 to Venot et al discloses a method for 
5 the enzymatic synthesis of an a-sialylated oligosaccharide glycoside using 

sialyltransferase, a CMP-sialic acid analogue as the sialic acid donor and an 

oligosaccharide glycoside acceptor molecule, having a BGal(l-3)BGlcNAc or BGal(l- 

4)BGlcNAc disaccharide on the nonreducing terminus. 

International Patent Publication No. WO 95/03059 (Gaeta et al) discloses a 
10 synthetic saccharide that contains two glycosidically linked sLex moieties, that are 

useful in blocking cellular adhesion, especially by inhibiting E-selectin binding. 

These sLex containing oligosaccharides are synthesized on a galactose backbone. 
International Patent Publication No. WO 97/12892 (Renkonen, O. and 

Renkonen, R.) discloses synthetic multivalent sLex containing polylactosamines and 
15 their use to block lymphocyte binding to correspondent oligosaccharides on the 

endothelial surface. 

Summary of the Invention 
The recognition of cell surface L-selectin by its carbohydrate ligands causes 

20 lymphocytes to roll on capillary endothelium at sites of inflammation. As this primary 
contact is a prerequisite for extravasation of the leukocytes to the tissue, its inhibition by 
free oligosaccharides capable of competing with the natural L-selectin ligands is an 
attractive therapeutic option. 

Recognizing the importance of controlling abnormal inflammatory conditions, 

25 and cognizant of the need for drugs to mediate the same, the inventors synthesized 
oligosaccharides that are capable of inhibiting selectin-mediated responses. These 
studies culminated in the identification of novel oligosaccharides that block the 
lymphocyte L-selectin from binding to correspondent oligosaccharides on the 
endothelial surface and in clinical treatments designed to reduce inflammation as a result 

30 of administration of such oligosaccharides in a patient in need of such treatment. 

Accordingly, the invention is first directed to synthetic oligosaccharides, 
especially divalent sLex containing oligosaccharides, essentially free of natural 
contaminants, and compositions containing the same. The synthetic oligosaccharides of 
the present invention comprise a polylactosamine backbone (LN)n where n>5 and the 

35 interresidual links are P 1 -3 ' and/or P 1 -6', interlinked to similar biantennary arrays having 
two extended branches that are a2,3-sialylated and al,3-fucosylated at the chain termini. 
Such oligosaccharides are shown to be capable of binding selectin molecules that are on 
the outer surface of lymphocytes, especially L-selectin, thereby preventing the 
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lymphocytes from binding to selectin correspondent oligosaccharides on the endothelial 
surface. 

The invention is further directed to the divalent sialyl-LexLN and sialyl-diLex 
polylactosamines. The divalent sialyl-diLex glycan is a powerfull antagonist for 
5 L-selectin having an IC50 of 50nM at lymph node endothelium, and inhibiting 

L-selectin dependent lymphocyte adhesion to capillaries of rejecting rat heart allografts 
even more efficiently (IC5o= 5 nM). It reduces extravasation of at sites of inflammation 
without severely endangering the normal recirculation of lymphocytes via lymph nodes. 
The invention is further directed to the divalent sialyl-LexLNLN, sialyl-diLexLN 
10 and sialyl-triLex polylactosamines. The divalent sialyl-triLex glycan is a powerful 
inhibitor of L-selectin-mediated cell adhesion. 

The invention is also directed to a method of enzymatically synthesizing such 
oligosaccharides. 

The invention is further directed to a method for inhibiting lymphocyte selectin- 
15 mediated binding to endothelial surfaces, especially L-selectin-mediated binding, but 
also E- and P- selectin binding, by the administration of the oligosaccharide 
compositions of the invention, especially where such lymphocyte-endothelial cell 
adhesion reaction is associated with chronic or acute inflammation that is the result of 
transplantation rejection, arthritis, rheumatoid arthritis, infection, dermatosis, 
20 inflammatory bowel disease, and autoimmune disease. 

The invention is further directed to a method for preventing and/or treating 
bacterial infections by the administration of the oligosaccharide compositions of the 
invention. 

The invention is further directed to a method for treating cancer by the 
25 administration of the oligosaccharide compositions of the invention. 

The invention is further directed to a method for blocking or impeding the 
deleterious migration of leukocytes to the site of pathogenic exposure in any 
inflammatory condition. 

30 Brief Description of the Figures 

Figure 1. Structures of the entzymatically synthetized oligosaccharides. 
Figure 2 (panels a-d). Expansions of 500 MHZ l H-NMR spectra of glycans. 
a) spectrum of glycan 5, b) spectrum of glycan 6, c) spectrum of glycan 7, d) 
spectrum of glycan 8. 
35 Figure 3 (panels a-d). MALDI-TOF mass spectra of sialoglycans. 

a) spectrum of glycan 5, b) spectrum of glycan 6, c) spectrum of glycan 7, 
d) spectrum of glycan 8. 
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Figure 4. Effect of divalent short-branched glycans 1-4 on in vitro 
lymphocyte adhesion to high endothelial venules of peripheral rat lymph nodes. In the 
assay the divalent sLex-glycan 2 and O-linked, divalent sLex-glycan 4 inhibited 
lymphocyte adhesion to 75 % of the background value. The corresponding non- 

5 fucosylated polylactosamines (glycans 1 and 3, repectively) did not inhibit adhesion. 
The mean of three independent experiments is shown. The SEM values never 
exceeded 15 % (not marked for clarity). 

FigureS. Effect of long-branched glycans 5-8 on in vitro lymphocyte 
adhesion to high endothelial venules of peripheral rat lymph nodes. In the assay the 

10 divalent sLexLN (glycan 6) and the divalent sLexLex (glycan 8) glycans inhibited 
lymphocyte adhesion to 65 % and 50 % of the background value. The non-fucosylated 
polylactosamines (glycans 5 and 7) did not show inhibitory effects. The mean of three 
independent experiments is shown. The SEM values never exceeded 1 5 % (not 
marked for clarity). 

15 Figure 6 (panels a-d). Binding of lymphocytes to high endothelial venules 

(HEV) of perpheral rat lymph nodes. Panel (a) shows the binding of non-treated 
lymphocytes to HEV. Panel (b) shows that there was no effect of the divalent non- 
fucosylated sLN (glycan 1) on the lymphocyte binding. Panel (c) shows the marginal 
effect of divalent sLex (glycan 2) on the number of bound lymphocytes on lymph 

20 node HEV. Panel (d) shows that the best inhibitor was the divalent sLexLex (glycan 
8) which inhibited 50 % of the adhesion at 0. 1 mM concentration. 

Figure 7. Effect of the divalent sLexLex (glycan 8) on ex vivo lymphocyte 
adhesion to endothelium of a rejecting transplant and lymph node HEV. The mean of 
three independent experiments is shown. The SEM values never exceeded 15 % (not 

25 marked for clarity). 

Figure 8. Relative initial transfer rates at individual acceptor sites of sialylated 
and neutral polylactosamines, catalyzed by lysates of CHO-cells transfected with 
human Fuc-lW and Fuc-TVII. ^Transfer rate to LN was typically 3.9 pmol/^g 
protein/h; transfer rate to S Aa2-3 .LN was typically 3 .2 pmol/jig protein/h; §Only 

30 0.1 5mM acceptor was used, the reference acceptor was also 0.1 5mM; II Only 1 mM 

acceptor was used, the reference acceptor was also 1 mM. Glycan 8 was analyzed only 
once; %Tie acceptor site-specificity was not determined; n.d., not determined. 

Figure 9 (Panels A-B). Paper chromatography of oligosaccharides generated by a 
treatment with sialidase and a mixture of jack bean P-galactosidase and 0-N- 

35 acetylhexosaminidase from Fuc-TIV-and Fuc-TVH-products of sialoglycan 4. 

(Panel A) The digest of Fuc-TIV products. (Panel B) The digest of Fuc-TVII products. 
For both runs: Solvent A, 97h. Markers: MH, maltoheptaose; MP, maitopentaose; MTe, 
maltotetraose; MT, maltotriose; Lac, lactose. 
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Figure 1 0. Paper chromatography of oligosaccharides generated by a 
treatment with sialidase and a mixture of jack bean P-galactosidase and P-N- 
acetylhexosaminidase from Fuc-TTV-products of sialoglycan 7. The major peak at 
fractions 11-12 co-chromatographed with an authentic sample of the hexasaccharide 
5 Lex pi-3'Lex. The small peak at fraction 5 chromatographed like Lex pi-3'Lex pl- 
3'LN and its isomers. Solvent A, 168h; markers as in Figure 9. 

Figure 1 1 (Panels A-B). Paper chromatography of oligosaccharides generated 
by a treatment with sialidase and a mixture of jack bean p-galactosidase and p-N- 
acetylhexosaminidase from Fuc-TVII- and Fuc-TTV-products of sialoglycan 8. 
10 (Panel A) The digest of Fuc-TVII products. The major peak at fraction 2 co- 
chromatographed with an authentic sample of the nonasaccharide [ 14 C]Lex pi - 
3'[ 14 C]Lexpi-3'[ 14 C]Lex. For comparison, the digest from the original sialoglycan 8 
revealed only the peak of the hexasaccharide [ 14 C]Lexpi-3'[ 14 C]Lex at fraction 7. 
(Panel B) The digest of Fuc-TIV products. The small peak at fraction 2 represents 
15 [ 14 C]Lexpl-3'[ 14 C]Lexpi-3'[ 14 C]Lex, derived from the trifucosylated sialoglycan 
product, while the peak at fraction 7 is [ 14 C]Lexpi- 3'[ 14 C]Lex, that was derived from 
the radiolabeled acceptor (8) by the exohydrolase treatment. For both runs: Solvent A, 
120h; markers as in Figure 9. 

Figure 12 (Panels A-B). Paper chromatography of oligosaccharides generated 
20 by a treatment with a mixture of jack bean P-galactosidase and P-N- 

acetylhexosaminidase from Fuc-TTV-products of neutral glycans. (Panel A) 
Exoglycosidase digest from the products of glycan 11. (Panel B) Exoglycosidase 
digest from the products of glycan 12. For both runs: Solvent A, 99 h; 
markers as in Figure 9. 
25 Figure 13. Biosynthetic pathways leading to multiple fucosylation of a 

monosialylated, fucose-free polylactosamine that has a long chain. The scheme shows 
the complementary Fuc-TIV- and Fuc-TVII-reactions traced by the present 
experiments. *These reactions were actually demonstrated by using sialofiicoglycans 
from which the reducing end LN unit was missing. 

30 

Detailed Description of the Preferred Embodiments 
The present invention relates to novel synthetic oligosaccharides and 
pharmaceutical acceptable compositions containing the same, and to their use in a 
therapeutic method for the treatment of acute or chronic inflammatory conditions. The 
35 synthetic oligosaccharides of the present invention comprise a polylactosamine 

backbone (LN) n where n=5 and the interresidual links are pi-3' and/or pi-6', interlinked 
to similar biantennary arrays having two extended branches that are a2,3-sialylated and 
al ,3-fiicosylated at the chain termini. 
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Such oligosaccharides are preferably divalent multimers of sLex as diagramed 
in Figure 1 . In one preferred embodiment, the synthetic oligosaccharide is the divalent 
sLexLN- or sdiLex-saccharide as shown in Figure L In another preferred embodiment, 
the synthetic oligosaccharide is a divalent sLexLNLN-, SLexLexLN-, or striLex- 

5 saccharide. Synthesis of the oligosaccharides of the invention is achieved by chemical 
and/or enzymatic means. For example, the construction of divalent sLexLN- 
hexasaccharide can be achieved by introducing to the decasaccharide 
LNB 1 ,3 'LNB 1 ,3 f (LNB 1 ,3 f LNB 1 ,6')LN (Niemela, R. et al, FEES Lett 557:67-72 (1995)) 
a "protective" 1,6-bonded branch to the inner galactose on both the 3* and 6-bonded 

10 branches by using the mid-chain pi ,6 N-acetylglucosyltransferase activity present in rat 
serum. The resulting purified dodecasaccharide is first a2,3 sialylated by treating with 
CMP-NeuNAc and a2,3 sialyltransferase from human placenta and then al,3fucosylated 
with GDP-fucose and partially purified al, 3/4 fucosyltransferase from human milk. The 
product is further treated with B-N-acetylhexosaminidase to remove the protective 

15* GlcNAc residues. (Also see Example 2). The divalent sLexLex-heptasaccharide can be 
' achieved from SAa2,3 , LNpi,3'LNpl,3 , (SAa2,3 , LNpl,3XNpl,6 , )LN by exhaustively 
ccl ,3fucosylating with GDP-fucose and partially purified al ,3/4 fucosyltransferase from 
human milk. The characterization of the constructs was carried out by ! H 
NMR-spectroscopy at 500MHz. (Also see Example 2). 

20 In the present invention, the crucial role of the terminal sLex-epitopes in the 

recognition of L-selectin is emphasized. Further, it is shown that the additional inner 
Lex-residues enhance the affinity of the ligands. 

In the method of treating inflammation of the invention, the patient (animal and 
especially human) in need of such treatment is administered efficacious levels of the 

25 synthetic carbohydrate of the invention, generally in a pharmaceutically acceptable 

composition. The patient may also be administered compositions containing mixtures of 
the synthetic carbohydrates of the invention, especially efficacious mixtures of the 
divalent sLexLN and sLexLex compounds shown in Figure 1, and the divalent 
sLexLNLN, sLexLexLN and sLexLexLex compounds. Such pharmaceutical 

30 compositions may further contain other desired ingredients, such as, for example, 

antibodies or conjugates thereof that recognize and bind to leukocyte L-selectin, so as to 
act in concert with and enhance the efficacious ability of the synthetic carbohydrates of 
the invention. 

By "inflammatory condition" is meant a physiological or pathological condition 
35 which is accompanied by an inflammatory response; Such conditions include, but are 
not limited to the various organ/tissue transplants such as skin grafts, kidney, heart, 
lung, liver, bone marrow, cornea, pancreas, small bowel, organ/tissue rejection, arthritis, 
an infection, a dermatose, inflammatory bowel disease and autoimmune diseases. 
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By "essentially free of contaminants" is meant that the multivalent sLex is 
purified to a degree such that the product contains no, or acceptable levels of, undesired 
or unnecessary substances that had been present during the in vitro or in vivo synthesis 
of said divalent sLex. 

5 The term "treatment" or "treating" is intended to include the administration of 

the synthetic oligosaccharides of the invention to a subject for purposes which may 
include prophylaxis, amelioration, prevention or cure of disorders mediated by selectin 
adhesion events, especially L-selectin-mediated adhesion events. Such treatment need 
not necessarily completely ameliorate the inflammatory response. Further, such 
10 treatment may be used in conjunction with other traditional treatments for reducing the 
inflammatory condition known to those of skill in the art. 

The methods of the invention may be provided as a "preventive" treatment 
before detection of, for example, an inflammatory state, so as to prevent the same from 
developing in patients at high risk for the same, such as, for example, transplant patients. 
15 When administered to a human or animal patient, the composition of the 

invention may be formulated in any manner which makes it suitable for oral, parenteral, 
including intravenously, intramuscularly, or subcutaneously, intracistemal, intravaginal, 
intraperitoneal, local, including powders, oitments, or drops, nasal, including sprays, 
topical, enteric or rectal administration. Thus, the reagent may be in the form of, for 
20 instance, an injectable formulation, aerosol formulation, suspension, solution, 

dispersion, emulsion, sterile powder, enema, etc. The reagent may be formulated with 
pharmaceutical^ acceptable excipients, carriers, solvents, or vehicles, e.g., isotonic 
saline, ethanol, polyol, polyethylene glycol, glyserol and the like, in accordance with 
conventional pharmaceutical practice. The dosage level of the reagent will be sufficient 
25 to provide an anti-inflammatory effect by the blocking of selectin, and especially L- 
selectin-mediated adhesion events in the patient. 

Solid dosage forms for oral administration include capsules, tablets, pills, 
powders, and granules. In such solid dosage forms, the active compound may be 
admixed with at least one inert customary excipient, filler or extender, binder, 
30 humectant, disintegrating agent, solution retarder, wetting agent, adsorbent, lubricant, 
and/or buffering agent. Solid dosage forms such as tablets, dragees, capsules, pills, and 
granules can be prepared with coatings and shells. The active compounds can also be in 
microencapsulated form with one or more excipients. 

Liquid dosage forms for oral administration include pharmacetuically acceptable 
35 emulsions, solutions, suspensions, syrups and elixers. In addition to the active 

compounds, the liquid dosage forms may contain inert diluents commonly used in the 
art such as water or other solvents, solubilizing agents and emulsifiers. 
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Besides such inert diluents, the composition can also include adjuvants, such as 
wetting agents, emulsifying and suspending agents, sweetening, flavoring and 
perfuming agents. 

Suspensions, in addition to the active compouns, may contain suspending agents. 

5 The compositions of this invention can also be administered inthe form of 

liposomes. The present compositions in liposome form can contain, in addition to the 
synthetic divalent sLex containing polylactosamines of the invention, stabilizers, 
preservatives, excipients, and the like. The preferred lipids are the phospholipids, and 
the phophatidyl cholines (lecithins), both natural and synthetic. Methods of forming 

1 0 liposomes are well known in the art. 

The compositions and methods of the invention are suitable for treating any 
condition involving a selectin, and especially an L-selectin-mediated adhesion increased 
inflammatory reaction. Thus, the reagent is useful for treating conditions including but 
not limited to septic chock, chronic inflammatory diseases such as psoriasis, and 

15 rheumatoid arthritis and reperfusion injury that occurs following heart attacks, strokes 
and organ transplants, traumatic shock, multiorgan failure, autoimmune diseases, 
asthma, inflammatory bowel disease* tissue rejection, arthritis, an infection, especially 
local infections, dermatoses, etc. In each case, an effective amount of the compounds of 
the present invention is administeredeither alone or as a part of a pharmacetically 

20 acceptable composition to a patient in need of such treatment. It is also recognized that a 
combination of the compounds may be administred to a patient in need of such 
administration. 

Cell adhesion involving sLex and sLea has been shown to play a role in the 
metastasis of certain cancers. Accordingly, a further use of the present invention is in 
25 cancer treatment where metastasis of sLex positive tumor cells can be inhibited by these 
glycans. 

In another embodiment, efficacious levels of the compositions of the invention 
are administered so as to provide therapeutic benefits against the secondary harmful 
inflammatory effects of inflammation. By an "efficacious level" of a composition of the 

30 invention is meant a level at which some relief is afforded to the patient who is the 
recipient of the treatment. By an "abnormal" host inflammatory condition is meant a 
level of inflammation in the subject at a site which exceeds the norm for the healthy 
medical state of the subject, or exceeds a desired level. By "secondary" tissue damage 
or toxic effects is meant the tissue damage or toxic effects which occurs to otherwise 

35 healthy tissues, organs, and the cells therein, due to the presence of excessive selectin, 
and especially L-selectin, adhesion events, including as a result of a "primary" stimulus 
elsewhere in the body. 
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In the methods of the invention, infusion of the compositions of the invention 
into a patient results in a lessening of the ability of selectin-expressing leukocytes to 
"roll" and thus attach to the endothelium, thus preventing or inhibiting adherence of 
such cells to the site of the inflammation and the localized damage to the endothelium, 
5 and thus preventing undesired lymphocyte trafficking or influx into the affected tissues 
or cells. 

Accordingly, the pharmaceutical compositions of the invention provide for 
compositions containing the synthetic carbohydrates of the invention, in amounts 
sufficient to antagonize (fully or partially) the patient's native selectin, and especially L- 
10 selectin, binding to biological targets of such selectin in such patient, and specifically to 
endothelial cells. 

The oligosaccharides of the invention may be conjugated, either chemically or 
by genetic engineering, to fragments of other agents which provide a targeting of such 
selectin-binding compounds to a desired site of action. Alternatively, other compounds 

15 may be conjugated, either chemically or by genetic engineering, to the oligosaccharides 
of the invention so as to enhance or provide additional properties to such 
oligosaccharides or compositions containing the same, especially properties which 
enhance the compound's ability to promote relief of adhesion-mediated toxic effects, or 
promote clearance of the compound from the bloodstream, or other advantageous 

20 properties. 

Amounts and regimens for the administration of selectin-binding 
oligosaccharides and compositions comprising the oligosaccharides of the invention can 
be determined readily by those with ordinary skill in the clinical art of treating 
inflammation-related disorders such as arthritis, tissue injury and tissue rejection. 

25 Generally, the dosage of the composition of the invention will vary depending upon 
considerations such as: type of synthetic carbohydrate employed; age; health; medical 
conditions being treated; kind of concurrent treatment, if any, frequency of treatment 
and the nature of the effect desired; extent of tissue damage; gender, duration of the 
symptoms; and, counter indications, if any, and other variables to be adjusted by the 

30 individual physician. A desired dosage can be administered in one or more applications 
to obtain the desired results. Pharmaceutical compositions containing the 
oligosaccharides of the invention, such as the divalent sLexLex- and sLexLexLex- 
saccharides, may be provided in unit dosage forms. 

Preferably, the divalent glycans of the present invention, e.g., the sLexLex and 

35 sLexLexLex oligosaccharides are administered to a patient in a dosage sufficient to 

achieve a 0. 1 nM to 10,000 nM serum concentration, or higher if desired, in said patient 
More preferably, the synthetic divalent sLex-containing polylactosamines of the present 
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invention are administered to a patient in a dosage sufficient to achieve a 0.1 nM to 500 
nM serum concentration in said patient. 

The pharmaceutical compositions containing the synthetic oligosaccharides of 
the invention can be administered in any appropriate pharmacological carrier for 

5 administration. They can be administered in any form that effects prophylactic, 
palliative, preventative or curing conditions of selectin, and especially L-selectin, 
mediated events in humans and animals. For the purpose of definition, it is intended that 
the expression "a method of treatment" of a disease, and like expressions, throughout the 
specification and claims, be taken to include a method for the prevention of such 

10 disease. 

The method of the invention is useful for the prevention of rejection or 
inflammation of transplanted tissue or organs of any type, for example, heart, lung, 
kidney, liver, skin grafts, tissue grafts, etc. 

The compositions of the invention may include sterile aqueous or non-aqueous 

15 solvents, suspensions and emulsions, especially when intended for parenteral 

administration. Examples of non-aqueous solvents are propylene glycol, polyethylene 
glycol, vegetable oil, fish oil, and injectable organic esters. Aqueous carriers include 
water, water-alcohol solutions, emulsions or suspensions, including saline and buffered 
medical parenteral vehicles including sodium chloride solution, Ringer's dextrose 

20 solution, dextrose plus sodium chloride solution, Ringer's solution containing lactose, or 
fixed oils. Intravenous vehicles include fluid and nutrient replenishers, electrolyte 
replenishers, such as those based upon Ringer's dextrose and the like. 

The compositions of the invention may also be administered by means of pumps, 
or in sustained-release form, especially, when the primary injury is prolonged or delayed 

25 rather than acute. An example in which the primary injury is often prolonged or delayed 
rather than acute is an infection or sprain wherein the damage to the tissue or muscle is 
not revealed (or persists) until days after the primary infection or damage. The selectin- 
binding molecules of the invention may also be delivered to specific organs in high 
concentration by means of suitably inserted catheters, or by providing such molecules as 

30 a part of a chimeric molecule (or complex) which is designed to target specific organs. 

Administration in a sustained-release form is more convenient for the patient 
when repeated injections for prolonged periods of time are indicated. For example, it is 
desirable to administer the compositions of the invention in a sustained-release form 
when the methods of the invention are being used to treat a genetic or chronic 

35 inflammatory disease that is based upon a selectin-mediated disorder, so as to maximize 
the comfort of the patient. 

The compositions of the invention can be employed in dosage forms such as 
tablets, capsules, powder packets, or liquid solutions for oral administration if the 
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biological activity of the active multimeric carbohydrate is not destroyed by the 
digestive process and if the characteristics of the compound allow it to be absorbed 
across the intestinal tissue. 

The pharmaceutical compositions of the present invention are manufactured in a 

5 manner which is in itself known, for example, by means of conventional mixing, 
granulating, dragee-making, dissolving, lyophilizing or similar processes. The 
compositions of the present invention, in and of themselves, find utility in the control of 
inflammation-mediated physiological damage, be it chronic or acute. The compositions 
of the invention obviate the body f s own mechanisms for recognizing selectin-mediated 

10 adhesion to its maximum potential. 

In intravenous dosage form, the compositions of the present invention have a 
sufficiently rapid onset of action to be useful in the acute management of potential tissue 
damage. 

Additionally, a low potency version is useful in the management of mild or 
15 chronic selectin-mediated inflammatory disorders. 

The affinities of the glycans of the invention towards rat lymphocyte L-selectin 
were analysed with the in vitro Stamper- Woodruff binding assay. The divalent glycans 
sLexLN and sLexLex significantly reduce lymphocyte binding, the latter revealing IC50 

20 of 50nM. The important control saccharides, carrying at the distal termini the fiicose- 
free sLN-residues instead the sLex-epitopes are consistently without any inhibitory 
effect. The present invention emphasizes the crucial role of the terminal sLex-epitopes 
in the recognition of L-selectin, and show that the additional, inner Lex residue enhances 
the affinity of the ligands. 

25 The divalent sialyl-diLex glycan reduces extravasation of lymphocytes at 

sites of inflammation without severely endangering the normal recirculation of 
lymphocytes via lymph nodes. 

The following example represent the enzymatic synthesis of complex oligosaccharides 
in sufficiently large amounts (as described in the examples) such that one can routinely 
30 conduct the types of experiments described in this application. The present invention 
overcomes previous difficulties in this regard. 

The following examples are merely intended to illustrate the present invention 
and not in any way to limit its scope. 
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Examples 

Example 1 
Material and Methods 

5 Acceptor Saccharides 

The glycans 1-4 (bolded numbering corresponds to glycan structures in 
Figure 1) were synthesized as described previously (Maaheimo, H. et aL, Eur. 
J.Biochem. 234:616-625 (1995); Seppo, A. etaL 9 Glycobiology 6:65-11 (1996)). The 
decasaccharide LNJJl^'LNBl^'O-NBl^^NBl^OLN was synthesized essentially as 
10 described (Niemela, R. et al y FEBSLett. 367:61-12 (1995)). 
Enzymatic reactions 

Enzymatic reactions of the glycans were carried out according to published 
methods; B (1,4) galactosylation as described (Brew, Proc. Natl Acad. Sci. 59:49 1-497 
(1968)), a(2,3) sialylation as described (Maaheimo, H. et aL, Eur. J.Biochem. 234:616- 
15 625 (1995)), J31,6-N-acetylglucosaminylation (Leppanen, A. et aL, Biochemistry 

55:7026-7036) and a(l,3)fucosylation as described (Natunen, J. et aL, Glycobiol.4, 577- 
553(1994)). 

Chromatographic methods 

Gel filtration in a column of Superdex 75HR75 10/70 column (Pharmacia, 
20 Sweden) was performed in 50 mM NH4HCO3 as described previously (Niemela, R. et 
aL , FEBS Lett. 367:61-12 (1 995)). Anion exchange chromatography on a MonoQ (5/5) 
column (Pharmacia) was performed as described (Maaheimo, H. et aL, Eur. J.Biochem. 
234:616-625 (1995)). The amount of oligosaccharides was estimated by UV-monitoring 
of Superdex chromatograms; the appropriate peak areas were related to data obtained 
25 with GlcNAc and NeuNAc standards. 
NMR spectroscopy 

Prior to NMR experiments the accharides were twice lyophilized from D2O and 
then dissolved in 600 nl 99.96% D2O (C.I.L., MA, USA). The experiments were 
performed on a Varian Unity-500 spectrometer at 23°C. In recording the proton spectra, 
30 a modification of WEFT sequence was used. The *H chemical shifts were referenced to 
internal acetone signal set to 2.225 ppm. 

Mass spectroscopy 

Matrix assisted laser desorption/ionisation time-of-flight mass spectroscopy 
(MALDI-TOF MS) was performed with a BIFLEX™ mass spectrometry (Bruker- 
35 Franzen Analytik, Bremen, Germany) using a 337 nm nitrogen laser. The sialylated 

oligosaccharides were measured in the linear negative ion mode with delayed extraction 
using 2,4,6-trihydroxyacetophenone (THAP) matrix. Samples were prepared by mixing 
0.5 nl of saccharide solution (5-10 pmol oligosaccharide in water) and 0.5 jil of THAP 
matrix (3 mg/ml in acetonitrile/20 mM aqueous ammonium citrate, 1:1 v/v) on the target 



WO 99/12944 



14 



PCT/FI98/00688 



plate, and the droplets were immediately dried under vacuum to produce a homogenous 
thin matrix preparation (Papac, D .1. et al, Analytical Chemistry 55:3215-23 (1996)). 
External calibration was performed with angiotensin 2 and ACTH clip peptide (Sigma). 
Lymphocyte binding to high endothelial venules (HEVs) 

5 Lymphocytes were isolated from mesenterical iymph nodes of WF or DA rats 

and used immediately in the assay after isolation and pretreatment. Single cell 
suspensions were made by mechanical disaggregation in RPMI 1640 medium (Gibco) 
supplemented with Hepes (25 mM) and 0.5 % fetal calf serum (FCS), and the cells were 
passed through a 50 fim pore size mesh (Turunen, J.P. et al, J. Exp. Med., 182:1 133- 

10 1 142 (1995)). Lymphocytes were over 99% of purity as quantitaed by cytpcentrifuge 
preparations. 

8 Jim thick frozen sections from lymph nodes of DA- and WF-rats were cut and 
either used within onw hour for the binding assay or stored at -70 °C. The stored slides 
were fixed for 20 minutes in 1% paraformaldehyde in 0.1 M sodium cacodylate, pH 7.3 
15 and washed in phosphate buffered saline immediately when they were removed from the 
freezer. 

In the Stamper- Woodruff assay 3xl0 6 lymphocytes in 100 ^1 of RPMI 
containing 0.5 % FCS were put on a frozen section inside a 23 mm wax circle, and 
rotated for 30 min at +4°C. After the assay, the non-adherent lymphocytes were gently 

20 removed from the slide with an absorbent paper, the slides were fixed in 1 .5 % 

glutaraldehyde at +4°C overnight, and stained for 40 min with thionine. The excess 
thionine was gently washed away using PBS, and the slides were mounted with 
Aquamount Mountant, (BHD Limited, Poole, England). The number of bound 
lymphocytes was calculated per high endothelial venules and 50 to 1 00 vessels were 

25 identified from each sample. It has previously been shown that this assay measures 
primarily L-selectin dependent events as the lymphocyte adhesion could be inhibited 
anti L-selectin antibodies, L-selectin-lgG fusion protein, and Ca 2+ -depletion (Toppila, 
S.et al., Eur: J. Immunol. 27:1360-1365 (1997); Turunen, LP. et al., J. Exp. Med. 
J82(4):l 133-1 141 (1995)). 

30 

Example 2 

Synthesis and characterization of divalent sialoglycans 

(Bolded numbering corresponds to glycan structures in Figure 1) 
Oligosaccharides representing a family of divalent sialyl LN- (sLN) and sialyl 
35 Lewis - (sLex) containing glycans as well as bivalent sLNLN-, sLexLN-, sLNLex- and 
sLexLex-containing glycans were enzymatically synthesized. In the following 
examples, LN: N-acetyllactosamine; SA: N-acetylneuramic acid; Gal: D-galactose; Fuc: 
fucose. 
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Synthesis of glycan 5 

Glycan 5 was constructed by enzymatic a2,3-sialylation of the decasaccharide 
LNfll ,3 ! LNB1 ,3 f (LNBl ,3 ! LNB1 ,6 f )LN by treatment with CMP-NeuNAc and human 
placental microsomes which contain a2,3-sialyltransferase activity (Seppo, A. et al, 

5 Glycobiology (5:65-71 (1996)). The purified reaction product chromatographed in anion 
exchange chromatography on a monoQ (5/5) column like the disialylated glycan 1. It 
gave a proton NMR-spectrum (Figure 2, see Table 1) that established its structure as 
SAa2,3 l LNBl,3 , LNBl,3 , (SAa2,3 , LNBl,3 , LNBl,6 , )LN. The HI andH-3 resonances of 
galactose residues 9 and 10 of glycan 5 at 4.557 ppm and 4.1 16 ppm, respectively, are 

10 highly characteristic to NeuNAca2,3Gal units in primary polylactosamine chains 
(Kamerling & Vliegenthart, Biological Magnetic Resesonance, Berliner & Reuben, 
editors, vol. 10, Plenum Press, New York & London (1992), pp. 1-287); Maaheimo, H. 
et al, Eur. J.Biochem. 234:616-625 (1995)). The chemical shifts of the signals for H3 
ax- and H3 eq-protons, at 1 .799 and 2758 ppm, respectively, were also charasteristic to 

15 a2,3-linked NeuNAc (Kamerling & Vliegenthart, Biological Magnetic Resesonance 9 
Berliner & Reuben, editors, vol. 10, Plenum Press, New York & London (1992), 
pp. 1-287). The integrals of both these signals corresponded to two proton equivalents, 
compared to one proton H-l resonance of Bl,6-linked GlcNAc (4) (see table 1. for the 
numbering of the monosaccharide residues). The presence of two sialic acid residues 

20 was confirmed also by the absence of a signal around 4.479 ppm, a charasteristic 
chemical shift for HI of terminal galactoses, indicating taht both branches were 
sialylated. 

In MALDIJTOF masss spectrometry glycan 5 revealed a major signal at m/z 
2426.7 taht was assigned to [M-H]" (calc. average m/z 2426.2). A minor peak at m/z 
25 2448.0 was signed to [M-2H+Na]' (calc. average m/z 2448.2) (Figure 3a). 

Synthesis of glycan 6 

Glycan 6 was synthesized from the decasaccharide 
LNB1 ,3 ! LNB1 ^'(LNBl ,3 ? LNB1 ,6 f )LN by introducing "protective" Bl,6-bonded branch to 

30 the inner galactose of both the 3- and 6-bonded branches (NiemelS, R et al, 
Glycoconjugate J. 9 12: 36-44 (1995) by using the mid-chain Bl,6- 
acetylglucosyltransferase activity present at rat serum. The resulting dodecasaccharide 
was purified, enzymatically <x2,3-sialylated as above, and al ,3 fucosylated with GDP- 
fucose and partially purified al,3/4 fucosyltransferase from human milk. This treatment 

35 transfers fucosyl units only to the distal, sialylated LN units. The product was then 

treated with B-N-acetylhexoamidase to remove the "protective" GlcNac-residues. Proton 
NMR-spectroscopy confirmed that the final product had the structure of glycan 6 
(Figure 2, see Table I). In particular, the resonances characteristic to the fucose and 
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sialic acid residues of sLex-deteiminants were observed. These include the H-l and H-6 
resonances of the fucose residues 15 and 16 at 5.121 ppm and 1.168 ppm, respectively, 
as well as the H-3 eq and H-3 ax resonances of the sialic acid. The latter resonances 
originating from sLex-determinants are distinct from those originating from sLN- 

5 epitopes. Even the H-3 signals of the galactose residues 9 and 10 in glycan 6 were 
distinct from those of glycan 5, and were detected at 4.086 ppm which is characteristic 
to sLex (Maaheimo, H. et al % Eur. J.Biochem. 254:616-625 (1995); Seppo, A. et aL, 
Gfycobiology 6:65-71 (1996)). By contrast, features typical to the VIM-2 sequences 
sLNLe* were not observed. 

10 In MALDI-TOF mass spectrometry, glycan 6 revealed a major signal at m/z 

2718.2 that was assigned to [M-H]~ [calc. average m/z 271 8.5). A minor peak at m/z 
2739.7 was assigned to [M-2H+Na]~ (calc. average m/z 2740.5) (Figure 3b). 

Synthesis of glycan 7 

15 Glycan 7 was synthesized from the octasaccharide 

GNBl^TLNB l,3 , (LNBl,3 ! LNJ3i,6 l )LN (Wilkman, A. etal, Carbohydrate Res. 226:155- 
174 (1992)) by al,3 fucosylation at the inner GlcNAc residues of both brances as above. 
The resulting decasaccharide was then purified and Bl,4-galactosylated with bovine 
milk Bl,4-galactosyltransferase. The purified product was finally a2,3 sialylated as 

20 above. The NMR-spectrum (Figure 2, Table I) established the structure of the sialylated 
product as glycan 7. The spectrum reveals H-l resonances originating from the ten 
monosaccharides of the poly lactosamine backbone together with "reporter group" 
signals of two al,3-bonded fucose residues and two a2,3-bonded sialic acid units. These 
aspects of the spectrum resemble closely that of the simple VIM-2 hexasaccharide 

25 NeuNAca2,3GalBl-4GlNAcBl-3GalBl-4(Fucal-3)GlcNAc (Kashem, M.A. et aL, 

Carbohydrate Research 250:129-44 (1993)). In addition, there are resonances of (i) one 
H-4 proton that belongs to the 3,6-bisubstituted galactose in the LexBl-S'LexBl-eXN 
unit, and (ii) two H-4 protons of 3 -substituted Lex-galactose, and (iii) two H-3 protons 
of a2,3-sialylated galactose residues. The H-3ax and H-3eq signals of the sialic acid and 

30 H- 1 and H-3 signals of galactoses 9 and 1 0 in glycan 7 resemble those of glycan 5, 

confirming that the sialylated N-acetyl lactosamine units in glycan 7 are not fucosylated. 

In MALDI-TOF mass spectrometry glycan 7 revealed a major signal at m/z 
2718.2 that was assigned to [M-H]"* [calc. average m/z 2718.5). A minor peak at m/z 
2740.4 was assigned to [M-2H+Na]~ (calc. average m/z 2740.5) (Figure 3c). 

35 

Synthesis of glycan 8 

Glycan 8 was synthesized from glycan 5 by exhaustive al ,3 fucosylation as 
above. The branch-bearing LN-unit does not accept fucosyl units under these conditions 
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10 



(Nieniela, R. et aL, FEBSLett 367:61-12 (1995)). The NMR-spectrum confirmed that 
tetrafiicosyl glycan was formed (Figure 2 and Table I). The integrals of HI and H-6 
resonances of glycan 8 compared that of the H-l signal of GlcNAc(4) showed that four 
fiicose residues were present. The H-3ax and H-3eq signals of the sialic acid rsidues 
were typical sLex signals and the H-4 signals of galactose(S) and galactose(6) were 
typical to mid chain sLex units. 

In MALDI-TOF mass spectrometry, glycan 8 revealed a major signal at m/z 
3010.3 that was assigned to [M-H]" [calc. average m/z 3010.8). A minor peak at m/z 
3032.3 was assigned to [M-2H+Na]" (calc. average m/z 3032.8) (Figure 3d). 



Table 1: 1 H-NMR Chemical shifts (ppm) of structural reporter groups of 

and glycans 5-8. 
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a) Numbering of the residues is as follows 
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b) Data from Niemela, R. etal., FEBS Lett. 367:61-12 (1995) 

c) The two values correspond to the two anomeric forms of residue 1 
d, e) Assignments may have to be exchanged 

N.D. Not determined 

5 

Example 3 

Inhibition of lymphocyte binding by divalent glycans containing sLNr, sLex, 
sLNLN-, sLNLex- and sLexLex-epitopes 

10 Lymphocyte adhesion was studied in a well documented L-selectin-dependent 

Stamper- Woodruff assay where frozen sections of lymph nodes were prepared, 
lymphocytes were placed on top of them, adhesion was permitted on a rotator and the 
number of adherent cells were quantitated visually. The panel of glycans studied is 
shown in Figure. 1 . The inventors found that glycans 2 and 4 at 50nM reduced L- 

15 selectin-dependent lymphocyte adhesion to HEVs down 75% of the control value 
(Figure 4). At the same time glycans 1 and 3 representing corresponding fucose-free 
analogs were without any effect. Glycan 6 with sLex units at the end of both extended 
arms (sLexLN) reduced lymphocyte adhesion to lymph node HEV down to 70% of 
normal values at 50 nM (Figure 5). The most potent inhibitory oligosaccharide was the 

20 divalent sLexLex (glycan 8). It reduced lymphocyte adhesion down to 50% of normal 
values at 50 nM (FIG. 5) Concomitantly, the fucose-free divalent sLNLN (glycan 5) and 
the divalent sLNLex (glycan 7) had no effect in lymphocyte binding to HEV. Taken 
together these data provide evidence that the divalent sLexLex glycan 8 posessed 
outstanding inhibitory activity in the L-selectin- dependent cell adhesion assay. 

25 Among the glycans, the divalent sLexLex glycan 8 was the most potent inhibitor 

of lymphocyte adhesion, suggesting that it might bind to several L-selectin molecules on 
the lymphocyte surface. 

Example 4 

30 Tissue-specific inhibition of lymphocyte binding to endothelium 

The putative role of the glycan 8 as an anti-inflammatory agent during acute 
inflammations was studied by performing heart transplantations between MHC-incompatible 
inbred rat strains DA and WF. As previously shown the drug-unmodified grafts undergo 
severe acute rejection manifested by a heavy lymphocyte infiltrate starting within a few days 

35 after transplantation (Turunen, J. et aL, J. Exp. Med. 752:1133-1142 (1995), Renkonen, R. et 
a/., Cell. Immunol 77:188-195 (1983)). The hearts were removed at day 3, and the 
lymphocyte binding assay was performed in the presence of different concentrations of the 
divalent sialylLexLex-glycan (glycan 8). The presence of this saccharide reduced the number 
of endothelium-bound lymphocytes to half of the control valuealready at 5 nM, a 



WO 99/12944 



19 



PCT/FI98/00688 



concentration ten times lower than the IC50- value at the lymph node HEV (see Figure 7). This 
data suggests that a therapeutic concentration window of the divalent sialylLexLex-glycan 
(glycan 8) exists, where the lymphocyte traffic is inhibited at sites of inflammation, while the 
normal lymphocyte recirculation via lymph nodes will not be altered. 

5 Glycan 8 inhibited lymphocyte adhesion to endothelium of a rejecting heart transplant 

at lower concentrations that the adhesion to peripheral lymph node HEV. Accordingly, by 
applying low concentrations of glycan 8 in vivo it is possible to inhibit lymphocyte 
recruitment into rejecting cardiac allograftfs without severely altering the normal lymphocyte 
homing into peripheral lymph nodes. The site-specific action of glycan 8 as an inhibitor of 

10 extravasation of lymphocytes is one of the very first examples of reported organ-selective 
immunosuppression. 

Example 5 
Treatment of a Patient with sLex 
15 A patient diagnosed with an inflammatory condition is treated with a 

composition comprising a divalent sLex, e.g. the divalent sdiLex saccharide. The 
composition is in a pharmaceutical^ acceptable excipient at a sufficient dose to block 
lymphocyte binding to the correspondent oligosaccharides on the endothelial cell 
surf ace. The composition is given in a regime such that a serum concentration is 
20 achieved in about the nanomolar to micromolar range until the condition is sufficiently 
ameliorated. 

When administered to the patient, the composition is formulated in any manner 
which makes it suitable for oral, parenteral, nasal, enteric or rectal administration with a 
pharmaceutically acceptable excipient or vehicles, e.g., isotonic saline, in accordance 

25 with conventional pharmaceutical practice. The dosage level of the reagent will be 
sufficient to provide an anti-inflammatory effect by the blocking of selectin, and 
especially L-selectin-mediated adhesion events in the patient. 

The composition and method of the invention are suitable for treating any 
condition involving a selectin, and especially an L-selectin-mediated adhesion increased 

30 inflammatory reaction. Thus, the reagent is useful for treating such conditions as tissue 
rejection, arthritis, an infection, especially local infections, dermatoses, inflammatory 
bowel diseases, autoimmune diseases, etc. 

By an "efficacious level" of a composition of the invention is meant a level at 
which some relief is afforded to the patient who is the recipient of the treatment. By an 

35 "abnormal" host inflammatory condition is meant a level of inflammation in the subject 
at a site which exceeds the norm for the healthy medical state of the subject, or exceeds 
a desired level. By "secondary" tissue damage or toxic effects is meant the tissue 
damage or toxic effects which occurs to otherwise healthy tissues, organs, and the cells 
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therein, due to the presence of excessive selectin, and especially L-selectin, adhesion 
events, including as a result of a "primary" stimulus elsewhere in the body. 

Infusion of the compositions of the invention into a patient is thought to result in 
a lessening of the ability of selectin-expressing leukocytes to "roll" and thus attach to the 
5 endothelium, thus preventing or inhibiting adherence of such cells to the site of the 
inflammation and the localized damage to the endothelium, and thus preventing 
undesired lymphocyte trafficking or influx into the affected tissues or cells. 

Accordingly, the pharmaceutical compositions of the invention are administered 
in amounts sufficient to antagonize (fully or partially) the patient's native selectin, and 
10 especially L-selectin, binding to biological targets of such selectin in such patient, and 
specifically to endothelial cells. 

Amounts and regimens for the administration of selectin-binding carbohydrates 
and compositions of the invention can be determined readily by those with ordinary skill 
in the clinical art of treating inflammation-related disorders such as arthritis, tissue 
15 injury and tissue rejection. Generally, the dosage of the composition of the invention 
will vary depending upon considerations such as: type of synthetic carbohydrate 
employed; age; health; medical conditions being treated; kind of concurrent treatment, if 
any, frequency of treatment and the nature of the effect desired; extent of tissue damage; 
gender; duration of the symptoms; and, counterindications, if any, and other variables to 
20 be adjusted by the individual physician. A desired dosage can be administered in one or 
more applications to obtain the desired results. 

Example 6 

Treatment of a sLex positive tumor metastasis with sLEX 
25 Carbohydrate-containing molecules have been implicated in many disease states, 

including auto-immune diseases, inflammatory conditions, peptic ulcers, infectious 
diseases and cancer. Indeed, changes in the surface carbohydrate molecules on human 
tumor cells has made it possible to identify human glycoprotein "cancer antigens" for 
many tumor types, inlcuding melanomas, gliomas, neuroblastomas and breast, 
30 pancreatic, lung, prostate and kidney cancers. One member of the lectin family of 
carbohydrate binding proteins has been strongly associated with both metastasis and 
shortened survival in breast cancer patients. The terminal sugar of the carbohydrate 
molecule to which the lectin binds has been identified as N-acetyl galactosamine. 
Moreover, the same N-acetyl galactosamine sugar has been found on several other 
35 tumor types, including prostate, stomach, and colorectal cancer cells, and has been 

associated with increased metastasis or reduced survival in each case (Hughes, S., Scrip, 
April 1994, pp28-31). Other studies have shown that colon-carcinoma cell lines adhere 
to certain selectins via sialyl Lewis x and sialyl Lewis a oligosaccharides (Majuri, M.- 
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L., et al t Int 1 Cancer 65:551-559 (1995); Majuri, M.-L., et ai t Biochem. Biophys. 
Res. Comm. 1 82(3) :\376-U&2 (1992)). 

Accordingly, the synthetic divalent sLex containing polylactosamines of the 
present invention can be used to inhibit the metastasis of sLex positive tumor cells. 

5 Briefly, a patient diagnosed with such a tumor is treated with a composition comprising 
a divalent sLex e.g., the sLexLex- or sLexLexLex-saccharide. The composition is in a 
pharmaceutically acceptable excipient at a sufficient dose to inhibit the metastasis of the 
sLex positive tumor cells by blocking the binding of the tumor cells to natural sLex. An 
efficacious level of the compostition is given in a regime such that a serum 

10 concentration is achieved in about the nanomolar to micromolar range until the 
condition is sufficiently ameliorated. 

When administered to the patient, the composition is formulated in any manner 
which makes it suitable for oral, parenteral, nasal, enteric or rectal administration with a 
pharmaceutically acceptable excipient or vehicles, e.g., isotonic saline, in accordance 

15 with conventional pharmaceutical practice. The dosage level of the reagent will be 
sufficient to provide an anti-metastasis effect by the blocking of selectin, and especially 
L-selectin-mediated adhesion of the tumor cells in the patient. 

By an "efficacious level" of a composition of the invention is meant a level at 
which some relief is afforded to the patient who is the recipient of the treatment. 

20 The pharmaceutical compositions of the invention are administered in amounts 

sufficient to antagonize (fully or partially) the patient's native selectin, and especially L- 
selectin, binding to biological targets of such selectin in such patient, and specifically to 
sLex positive tumor cells. 

Amounts and regimens for the adminstration of selectin-binding carbohydrates 

25 and compositions of the invention can be determined readily by those with ordinary skill 
in the clinical art of treating cancer-related disorders. Generally, the dosage of the 
composition of the invention will vary depending upon considerations such as: type of 
synthetic carbohydrate employed; age; health; medical conditions being treated; kind of 
concurrent treatment, if any, frequency of treatment ant the nature of the effect desired; 

30 extent of tissue damage; gender; duration of the symptoms; and, counterindications, if 
any,and other variables to be adjusted by the individual physician. A desired dosage can 
be administered in one or more applications to obtain the desired results. 
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Example 7 
Treatment of an infection with sLex 
The use of sLex as an anti-infective is based on the observation that 
oligosaccharides are present on the surface of all mammalian cells, and are used by 
5 bacteria, viruses, and other infectious micro-organisms to enter those cells (Hughes, S., 
Scrip, April 1994, pp28-32). For example, human sialyl Lewis x antigen is highly 
expressed on the cell surface of Streptococcus gallolyticus, which is a cause of infective 
endocarditis in humans (Hirota, K., et al, Lancet 347:160 (1996); Hirota, K., et aL, 
FEMS Immunol. & Med. Microbiol 72:159-164 (1995). Thus, flooding the body with 
10 one particular type of oligosaccharide is one possible therapeutic approach to particular 
infectious diseases (Hughes, S., Scrip, April 1994, pp28-32). One advantage that 
oligosaccharides have over conventional anti-infectives is that they are effective in 
prevention, as well as treatment, of the infectious disease. In contrast, the use of 
antibiotics in the prophylaxis of infection may lead to the development of resistance. 
15 Moreover, since oligosaccharides do not kill the bacteria, but instead merely inhibit their 
binding to human tissue, they will not provide any selection pressure for the growth of 
resistant organisms (Hughes, S., Scrip, April 1994, pp28-32). 

The synthetic multivalent sLex containing polylactosamines of the present 
invention may be used to treat or prevent infectious diseases. Briefly, a patient 
20 diagnosed with such an infection is treated with a composition comprising a divalent 
sLex, e.g., the sLexLex-saccharide. The composition is in a pharmaceutically 
acceptable excipient at a sufficient dose to block infectious micro-organisms, e.g. 
bacteria, from binding to the correspondent oligosaccharides on the corresponding, e.g. 
endothelial, cell surface. The composition is given in a regime such that a serum 
25 concentration is achieved in about the nanomolar to micromolar range until the 
condition is sufficiently ameliorated. 

When administered to the patient, the composition is formulated in any manner 
which makes it suitable for oral, parenteral, nasal, enteric or rectal administration with a 
pharmaceutically acceptable excipient or vehicles, e.g., isotonic saline, in accordance 
30 with conventional pharmaceutical practice. The dosage level of the reagent will be 
sufficient to provide an anti-infective effect by the blocking of selectin, and especially 
L-selectin-mediated adhesion events in the patient. 

By an "efficacious level" of a composition of the invention is meant a level at 
which some relief is afforded to the patient who is the recipient of the treatment. 
35 The pharmaceutical compositions of the invention are administered in amounts 

sufficient to antagonize (fully or partially) the patient's native selectin, and especially L- 
selectin, binding to biological targets of such selectin in such patient, and specifically to 
endothelial cells. 
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Amounts and regimens for the adminstration of selectin-binding carbohydrates 
and compositions of the invention can be determined readily by those with ordinary skill 
in the clinical art of treating infectious diseases. Generally, the dosage of the 
composition of the invention will vary depending upon considerations such as: type of 
5 synthetic carbohydrate employed; age; health; medical conditions being treated; kind of 
concurrent treatment, if any, frequency of treatment ant the nature of the effect desired; 
extent of tissue damage; gender; duration of the symptoms; and, counterindications, if 
any,and other variables to be adjusted by the individual physician. A desired dosage can 
be administered in one or more applications to obtain the desired results. 

10 

Example 8 

Complementary acceptor- and sites-specificities of Fuc-TIV and 
Fuc-TVII allow effective biosynthesis of sialyl-triLex and related polylactosamines 

(Bolded numbering corresponds to glycan structures in Figure 8) 

15 In the present example, the acceptor- and site-specificities of the two granulocyte 

al,3-fiicosyltransferases, Fuc-TIV and Fuc-TVII, were characterized. 

It was found hat Fuc-TIV can transfer fiicose effectively to all N- 
acetyllactosamine (LN) units in neutral polylactosamines, and to the "inner" LN units of 
a2,3-sialylated acceptors, but is ineffective in transfer to the distal a2,3-sialylated LN 

20 unit in a2,3-sialylated acceptors. Fuc-TVII, by contrast, effectively focosylates only the 
distal a2,3-sialylated LN unit in a2,3-sialylated acceptors, and thus exhibits an acceptor 
site-specificity that is complementary to Fuc-TIV. Furthermore, the consecutive action 
of Fuc-TIV and Fuc-TVII, in vitro, can convert the long chain sialoglycan SAa2- 
S'LNfll-S'LNBl-S'LN into the monosialylated, trifucosylated polylactosamine SAa2- 

25 3 'LexB 1 -3 'LexB 1 -3 Tex known as sialyl-triLex. The complementaiy in vitro acceptor 
site- specificities of Fuc-TIV and Fuc-TVII imply that these enzymes cooperate in vivo 
in the biosynthesis of monosialylated, multifucosylated polylactosamine components of 
selectin counterreceptors on human leukocytes. 

Transfected cells and cell lysates The transfection of CHO-cells stably 

30 expressing human Fuc-TIV or Fuc-TVII has been described previously (Lowe, J.B., et 
al, 1 Biol Chem. 256:17467-17477 (1991); Natsuka, S., et al, J. Biol Chem. 
269:16789-16794 (1994)). For the enzyme assays, the cells were lysed in 1% Triton X- 
100 on ice in the presence of a mixture of protease inhibitors (16 jig/ml benzamidine 
HC1, 10 jig/ml phenanthroline, 10 ng/ml aprotinin, 10 ng/ml leupeptin, 10 jig/ml 

35 pepstatin A, 1 mM PMSF, Pharmingen, San Diego, CA). 

Oligosaccharide acceptors The structures of the oligosaccharide acceptors are 
shown in Figure 8. Glycan 1 was from Sigma (St. Louis, MO), and glycan 2 from 
Oxford Glycosystems (Abingdon, UK). The others were synthesized enzymatically. 
Briefly, glycan 11 was constructed from GlcNAc61-3GalBl-OMe (Sigma) by B 1,4- 
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galactosylation (Brew, K., et al, Proc. Natl Acad. Sci. USA 59:491-497 (1968)) 
followed by 01,3-N-acetylglucosaminylation (Seppo, A., et al, Biochem. Cell Biol 
65:44-53 (1 990)) and a second round of B 1 ,4-galactosylation. The intermediates as well 
as the final product were isolated in pure form; 1 H NMR-spectrum of 1 1 at 500 MHZ 

5 confirmed its structure; MALDI-TOF mass spectrometry (MS) revealed that the sample 
was pure and had the expected molecular weight, (M+Na) + m/z 948.0 (calc. 947.9). 
Glycan 3 was obtained from glycan 11 by a2,3-sialylation as in (Maaheimo, H. et al, 
Eur. J.Biochem. 234:616-625 (1995)). Glycan 12 was constructed from the GNfll- 
3'LNB1-3'LN (Leppanen, A. et al, Biochemistry 30:9287-9296 (1991)) by Bl,4- 

10 galactosylation, MALDI-TOF MS: (M+Na) + m/z 1 137. 1 (calc. 1 137.0). Glycan 4 was 
obtained from glycan 12 by a2,3-sialylation. Glycan 15 was synthesized as in 
(Renkonen, 0„ et al, Biochem. Cell Biol 65:1032-1036 (1990)), MALDI-TOF MS: 
(M+Na) + m/z 1 136.9 (calc. 1137.0). Glycan 16 was obtained by a 2,3-sialylation of 15. 
In the synthesis of glycan 8, GNB1-3'LNB1-3'LN was al,3[ 14 C]fucosylated at both LN 

15 units with al,3/4-FucTs of human milk and then B l,4galactosylated. MALDI-TOF MS 
of the resulting octasaccharide LN B 1-3'Lex B 1-3'Lex gave (M+Na) + m/z 1429.3 
(calc. 1429.3). The octasaccharide was finally a2,3-sialylated to give glycan 8. 
Degradation of glycan 8 by sialidase and a mixture of fl-galactosidase and B-'N- 
acetylhexosaminidase gave the neutral hexasaccharide [ 14 C]Fucal-3LNB 1- 

20 3'[ 14 C]Fucal-'3LN, which chromatographed like an authentic marker on paper. 

In the synthesis of glycan 5, glycan 10 was converted to the pentasaccharide LN Bl-3' 
(GNB1-6')LN as in (Niemela, R et al, Carbohydr. Res. 279:331-338 (1995); 
Maaheimo, H. et al, Carbohydr. Res. 297:53-59 (1997), MALDI-TOF MS: (M+Na) + 
m/z 974.8 (calc. 974.9). The product was ct2,3 -sialylated, al,3- fucosylated selectively 

25 at the distal, sialylated LN-unit (Niemela, R. et al, Carbohydr. Res. 279:331-338 
(1995), and treated with B-N-acetylhexosaminidase for removal of the protecting Bl- 
6GN-unit to give glycan 5. Glycan 6, in turn, was obtained by ctl,3-fucosylating 
glycan 9 at the LN unit by human milk otl,3/4-Fuc-Ts. The product was then £1,4- 
galactosylated and finally a2,3 -sialylated. Glycan 7 was synthesized by a2,3-sialylation 

30 of the heptasaccharide LNB l-3'LexBl-3'LN, prepared by Bl,4-galactosylation of 
GNBl-3'LexB 1-3'LN, which had been isolated from a mixture of monofucosylated 
isomers by wheat germ agglutinin (WGA)-agarose chromatography. LNBl-3'LexBl- 
3'N was characterized by ^-NMR-spectroscopy, MALDI-TOF MS: (M+Na) + m/z 
1282.5 (calc. 1282.5). Glycan 9 was obtained by Bl,3-N-acetylglucosaminylation of LN 

35 (Seppo, A., et al, Biochem. Cell Biol. 65:44-53 (1 990)), MALDI-TOF MS: (M+Na) + 
m/z 609.7 (calc. 609.5). Glycan 10 was synthesized by Bl,4-galactosylation of glycan 
9. Glycans 13 and 14 were obtained by separating monofucosylated derivatives of 
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glycan 10 by WGA chromatography. Glycan 13, MALDI-TOF MS: (M+Na) + m/z 
917.9 (calc. 917.8). Glycan 14, MALDI-TOF MS: (M+Na) + m/z 917.8 (calc. 917.8). 

Fucosyltransferase reactions GDP-[ 14 C]Fucose (1 00 000 cpm, Amersham, 
UK), GDP-fucose (1 nmol, Sigma) and the individual polylactosamine acceptors (50 
5 nmol) were incubated for 1 h at 37°C in 10 of 50 mM MOPS, pH 7.2, containing 10 
mM MnCl 2 , 10 mM fucose, 5 mM ATP, 0.4% TX-100 and lysates of CHO-cells 

transfected with Fuc-TIV or Fuc-TVII (35-50 jig protein, assayed by the BCA kit of 
Pierce, Rockford, IL). 1 00 nmol LN and 1 00 nmol SAa 2-3LN were used as reference 
acceptors. The reactions were terminated by adding 10 \il ethanol followed by 100 nl of 

10 ice cold water, and the reaction mixtures containing acidic glycans were purified by gel 
filtration on a Superdex column, subsequently fractionated by anion exchange 
chromatography on a MonbQ column and finally desalted on a Superdex column. The 
reaction mixtures obtained from neutral acceptors were desalted in a mixed bed ion 
exchange resin, after which the mixtures of acceptor and product were isolated by gel 

15 filtration. In all cases, the reaction products were quantitated by subjecting aliquots of 
the purified mixtures of unlabeled surplus acceptor and labeled product to liquid 
scintillation counting. All reactions were run and analyzed twice. 

Methods used in the analysis of Fuc-TIV- and Fuc-TVII-reactions 
Degradations with a mixture jack bean B -galactosidase (EC 3.2.1.23, Sigma), jack bean 

20 B-N- acetylhexosaminidase (EC 3.2.1.30, Sigma) (Niemela, R et al, Glycoconjugate J. 9 
12: 36-44 (1995), A. ureafaciens sialidase (EC 3.2.1.18, Boehringer, Mannheim, 
Germany) (Seppo, A. et al, Glycobiology (5:65-71 (1996)) and B.fragilis endo- B - 
galactosidase (EC 3 .2. 1 . 1 03, Boehringer) (acetylglucosaminylation (LeppSnen, A. et al, 
Biochemistry 30:9287-9296 (1991)) were carried out as previously described. 

25 Gel filtration was performed in a column of Superdex Peptide HR 1 0/30 

(Pharmacia, Sweden), with 50 mM NH4HCO3 as the eluant at a flow rate of 1 ml/min. 

The eluant was monitored at 205 or 214 nm, and oligosaccharides were quantified 
against external GN and SA. Neutral oligosaccharides were desalted by filtration in 
water through AG-50W (H+) and AG-1 (AcO~) (Bio-Rad, CA). 

30 Paper chromatography of radiolabeled oligosaccharides was carried out as in 

(Renkonen, O., et al, Glycoconjugate J. 5:129-140 (1989)), using the upper phase of n- 
butanolracetic acidiwater (4:1:5) (v/v) (Solvent A) for the chromatographic runs and 
Optiscint (Wallac, Finland) for the liquid scintillation counting. Anion exchange 
chromatography on a Mono Q (5/5) column (Pharmacia) was performed essentially as in 

35 (Maaheimo, H. et al, Eur. J.Biochem. 234:616-625 (1995)). 
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Oligosaccharide markers The hexasaccharide LexB 1 -3 'Lex and the 
nonasaccharide LexBl-3'LexBl-3'Lex, MALDI-TOF MS: (M+Na) + m/z 1575.8 (calc. 
1575.5) as well as the mixture of the octasaccharide LexB 1-3 'LexB 1 -3 *LN and its 
isomers, MALDI-TOF MS: (M+Na) + m/z 1429.5 (calc. 1429.3) were synthesized from 
5 fucose-free precursors in the presence of GDP-fucose and purified 

al,3fucosyltransferase (Seppo, A. et al> Glycobiology 6:65-71 (1996)). 

Fuc-TIV and Fuc-TVII exhibit shared and distinct acceptor substrate 
specificities A panel of neutral and sialylated polylactosamine acceptors was 
synthesized, and individual acceptor substrates were utilized in in vitro 
10 fucosyltransferase assays containing radiolabeled GDP-fucose and CHO-transfectant- 
derived recombinant human Fuc-TIV or Fuc-TVII. N-acetyllactosamine (LN; glycan 1) 
and sialyl N-acetyllactosamine (SAct2-3'LN; glycan 2) served as reference acceptors for 
Fuc-TIV and Fuc-TVII-dependent reactions, respectively. Fuc-TIV rapidly fucosylates 
LN (glycan 1), but is ineffective in its ability to fucosylate the sialylated acceptors 2, 6, 
15 and 8, each of which can be fucosylated only at the distal, sialylated LN unit (Figure 8). 
By contrast, Fuc-TVII effectively fucosylates all sialopolylactosamines tested, excepting 
glycan 5, which can be fucosylated only on an internal LN unit (Figure 8). The neutral 
glycans 9-15 are efficiently fucosylated by Fuc-TIV, but are poor acceptors when tested 
with Fuc-TVII. Fuc-TIV also efficiently fucosylates the sialylated linear acceptors 3 and 
20 4, each of which contain "inner" N-acetyllactosamine residues. Furthermore, FuoTTV 
effectively utilizes sialylated, fucosylated linear acceptors 5 and 7, each of which also 
contain unoccupied "inner" N-acetyllactqsamine residues. 

Fuc-TIV and Fuc-TVII show alternative site-specificities on sialylated multi- 
site acceptors To determine which of the different GlcNAc residues were fucosylated 
25 in the sialylated multi-site acceptors 3 and 4, the products were degraded by sialidase 
and then by mixed B-galactosidase and B-N-acetylhexosaminidase. Fuc-TIV transfers 
rapidly to sialoglycan 4, at both "inner" LN units (residues 1 and 2 in Figure 8), but 
transfers to the sialylated LN unit (residue 3) at a rate 30-40 times slower (Figures 8 and 
Fig. 9 A). In contrast, Fuc-TVII transfers preferentially to the sialylated, distal LN 
30 residue of acceptor 4 (Fig. 9B); the rate of transfer to the middle LN unit (residue 2), 
and to the reducing end LN unit (residue 1) were, respectively, 17 and 84 times slower, 
than transfer to the sialylated LN residue (Figure 8). The fucosylated products of 
sialoglycan 3 were analyzed in a similar way to ascertain site-specificity of fucosylation. 
These analyses indicate that Fuc-TIV overwhelmingly fucosylates at the "inner" LN 
35 unit, whereas Fuc-TVII fucosylates preferentially at the distal, sialylated LN unit. 

Taken together, these results imply that "internal" fucosylation events occurring within 
sialoglycans are catalyzed by Fuc-TIV, whereas the terminal fucosylation event that 
creates sialyl Lewis x (sLex) type products is catalyzed by Fuc-TVII. 
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Fuc-TIV and Fuc-TVII show alternative preferences among pre- fucosylated 
acceptors of the VJM-2- and sLex-type In vitro assays using the pre-fucosylated 
glycans 5 and 6 indicate that Fuc-TIV transfers fucose to the "inner" LN unit, and that 
Fuc-TVII transfers to the sialylated, distal LN unit (Figure 8). Hence, the two enzymes 
5 complement each other efficiently in the synthesis of the sialylated, bi-fucosylated 
epitope from the fucose-free precursor via intermediates of VIM-2 and sLex type 
glycans. The unlabeled glycan SAa2-3'LNBl-3 , LexBl-3 , LN (glycan 7) was then used 
as an acceptor in a Fuc-TIV-dependent reaction. Structural characterization of the 
products (Figure 10) revealed that 86% of the [ 14 C] fucose was transferred to the "inner 
10 most" LN unit (residue 1), generating SAa2-3'LNBl-3'Lexfil-3'[ 14 C]Lex (glycan 8). 
Less than 5% of the fucose transfer occurred at the sialylated LN unit (residue 3). These 
observations, together with those displayed in Figure 9A demonstrate that Fuc-TIV can 
convert glycan 4 into the bifucosylated glycan 8. 

Fuc-TVII catalyzes rapid fucosylation of the monosialyl-bifucosyl glycan 8, at 
15 the distal, sialylated LN unit Fuc-TVII was found to fucosylate glycan 8 nearly as 
rapidly as glycan 2 (Figure 8), to yield as a major product SAa2-3'[ 14 C]Lexpi- 
3'Lexpi-3'Lex(FigureUA). Fuc-TIV was found to be competent to construct the 
identical product, but only at a rate that represents 6-7% of the rate catalyzed by Fuc- 
TVII (Fig. 1 IB). The efficient conversion of glycan 4 to glycan 8 in two steps catalyzed 
20 by Fuc-TIV, but not by Fuc-TVII, and the further rapid Fuc-TVII-dependent conversion 
of glycan 8 to SAa2-3*Lexpl-3'Lexpi-3'Lex, demonstrate that the monosialylated, 
fucose-free tri-lactosamine chain (4) is converted into the sialyl-triLex product by the 
complementary actions of the two al,3-fiicosyltransferases present in human leukocytes. 
Site-specificity of Fuc-TIV reactions with neutral linear acceptors Fuc-TIV 
25 efficiently fucosylated GNpl-3'LN (9), representing a growing lactosamine chain 

(Figure 8), whereas Fuc-TVII did not utilize this acceptor. Fucosylation occurred only 
at the reducing end N-acetylglucosamine moiety, as the [ 14 C]-fucosylated product was 
cleaved by P-N-acetylhexosaminidase to [ 14 C]Lex (data not shown). Fuc-TIV also 
transferred effectively to LNpi-3'LNpl-3'Gaipi-OMe (glycan 11), most rapidly (67%) 
30 to the middle LN unit (residue 2 in Figure 8) and more slowly (33%) to the terminal LN 
unit (Figure 12A). When the hexasaccharide LN,l-3'LN t l-3*LN (glycan 12) was used 
with Fuc-TIV, 28% of the initial fucosylation occurred at the reducing end LN unit, 
47% occurred at the middle LN unit, and 25% occurred at the non-reducing end LN unit 
(Figure 12B). Fuc-TIV also transferred rapidly to the pre-fiicosylated glycans Lexpl- 
35 3'LN (glycan 13) and LNpl-3'Lex (glycan 14), confirming that fucosylation of vicinal 
LN units is feasible. 
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All references mentioned herein are incorporated by reference in the disclosure. 

Although the foregoing refers to particular preferred embodiments, it will be 
understood that the present invention is not so limited. It will occur to those ordinarily 
skilled in the art that various modifications may be made to the disclosed embodiments 
and that such modifications are intended to be within the scope of the present invention. 
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Claims: 

1 . A synthetic oligosaccharide comprising a polylactosamine backbone 
(LN) n , wherein n >5 and having interresidual links that are pi -3* and/or pi-6\ 

5 interlinked to similar biantennary arrays having two extended branches that are a2,3- 
sialylated and al ,3-fucosylated at the chain termini. 

2. The synthetic oligosaccharide of claim 1, comprising two extended 
branches of sLexLex-epitopes. 

10 

3. The synthetic oligosaccharide of claim 1, comprising two 
extended branches of sLexLN-epitopes. 

4. The synthetic oligosaccharide of claim 1 , comprising two 
15 extended branches of sLexLexLex-epitopes. 

5. The synthetic oligosaccharide of claim 1, comprising two 
extended branches of sLexLexLN-epitopes. 

20 6. The synthetic oligosaccharide of claim 1, comprising two 

extended branches of sLexLNLN-epitopes. 

7. A pharmaceutical composition comprising the oligosaccharide 
of any one of claims 1-6 in a pharmaceutically acceptable carrier. 

25 

8. A method of preventing or treating an inflammatory condition 
in a patient, said method comprising administration of the composition of claim 
7 to said patient. 

30 9. The method of claim 8, wherein said patient has been diagnosed 

with, or is at risk of developing, a condition selected from the group consisting 
of tissue rejection, organ rejection, arthritis, an infection, a dermatosis, 
inflammatory bowel disease, and an autoimmune disease. 



35 



10. The method of claim 8, wherein said condition is tissue or organ 
rejection. 
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1 1 . The method of claim 8, wherein said condition is rheumatoid 

arthritis. 

12. The method of claim 8, wherein said condition is chronic bowel 

5 disease. 

13. The method of claim 8, wherein said patient is an animal. 

14. The method of claim 8, wherein said patient is human. 

10 

15. A method of protecting against rejection of a transplanted tissue 
or organ, said method comprising administering the composition of claim 7 to a 
patient who received said transplant. 

15 16. The method of claim 15, wherein said organ is selected from the 

group comprising heart, lung or kidney. 

17. The method of claim 15, wherein said transplanted tissue is 

skin. 

20 

1 8. The method of claim 15, wherein said transplanted tissue/organ 
is selected from the group comprising bone marrow, cornea, pancrea, and small 
bowel. 

25 19. A method for blocking deleterious migration of leukocytes in an 

abnormal inflammatory condition in a patient comprising administration of the 
composition of claim 7 to said patient. 

20. A method for preventing or treating a bacterial infection in a 

30 patient, said method comprising administration of the composition of claim 7 to 
said patient 

21 . The method of claim 20, wherein the bacterial infection is 
streptococcal. 

35 

22. The method of claim 20, wherein said patient is an animal. 



23. The method of claim 20, wherein said patient is human. 
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24. A method for preventing or treating tumor metastasis in a 
patient, said method comprising administration of the composition of claim 7 to 
said patient. 

5 

25. The method of claim 24, wherein said tumor is sLex positive. 

26. The method of claim 24 or 25, wherein said tumor is selected 
from the group consisting of breast, prostate, stomach and colorectal 

10 carcinomas. 

27. The method of claim 24, wherein said patient is an animal. 

28. The method of claim 24, wherein said patient is human. 

15 

29. A method for synthesizing a divalent sLex containing 
oligosaccharide from a decasaccharide having the structure 
LNpi" f 3'LNpi,3 , (LNpi,3 , LNpl,6 , )LN, said method comprising: 

treating said decasaccharide with a mid-chain pi,6N- 
acetylglucosyltransferase so as to introduce a protective pi, 6- 
bonded branch to the inner galactose on both the 3'- and 6*- 
bonded branches; 

purifying the product of step (i); 

a2,3 sialy lating the product of step (ii); 

al,3fucosylating the product of step (iii); and 

treating the product of step (iv) to remove the protective GlcNac 
residues 

A method for synthesizing a divalent sLexLex heptasaccharide 
35 from an oligosaccharide having the structure 

LNpi,3'LNpi,3'(LNpi,3'LNpl,6')LN said method comprising: 



20 (i) 

25 (ii) 

(iii) 
(iv) 

30 

(v) 
30. 



(i) a 2,3 sialylating said saccharide; and 
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(ii) al ,3 fucosylating exhaustively the product of step (i). 

31. A method for synthesizing a sialyl-triLex-polylactosamine from 
5 a monosialylated, fucose-free polylactosamine having the structure SAa2- 

3'Npl- S'Npi-S'LN said method comprising: 

(i) fucosylating said polylactosamine with the al ,3- 
fucosyltransferase Fuc-TTV; and 

10 

(ii) fucosylating the product of step (i) with the al ,3- 
fucosyltransferase Fuc-TVH. 

32. A method for synthesizing a sialyl-triLex-polylactosamine from 
15 a monosialylated, fucose-free polylactosamine having the structure SAa2- 

3'LNpi- 3'LNpi-3'LN said method comprising: 

(i) fucosylating said polylactosamine with the al, 3- 
fucosyltransferase Fuc-TVII; and 

20 

(ii) fucosylating the product of step (i) with the al,3- 
fucosyltransferase Fuc-TTV. 



25 
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